Abstract -Maturity models (MM) have been introduced, over the last five decades, as guides and references for the information system management in organizations from different sectors of activities. In the education sector, MM have also been used to evaluate higher education institutions (HEI) in several dimensions, such as ICT, management, process management, course curricula, course/HEI accreditation, e/m-learning, online courses and pedagogical strategies. The HEI have an enormous complexity due to the specificity and quantity of their processes, demanding capable information systems (IS) and tools to manage these IS. Based on the guidelines of a methodology for a systematic literature review, the MM of different subareas of education are identified and categorized in this paper. For each MM associated with HEI IS, it is identified the methodology of development and validation, as well as the scope, stages and their characteristics by dimensions. This study resulted in the need to develop a MM for IS that supports HEI in their core business activities and management.
I. INTRODUCTION
In the last decades, we have seen many changes in the HEI. In the past, higher education was much restricted in terms of capacity of students. The massification of this kind of education, puts HEI under enormous pressure for providing the required and capable means. In addition, the new teaching paradigms (Bologna Treaty), the new perspective of the student as a "costumer", the opening of universities to enterprises, in terms of knowledge transference, the HEI rankings and HEI competition, forced the HEI to reinvent higher education and adopt agile management methodologies, in order to be capable of adapting to the constant environment changes.
It is generally accepted that Information Systems and Technologies (IST) provide the basis for a successful management for any kind of institution. The HEI are not an exception. Zhihua and Zhaojun [1] suggest that schools that are more e-mature, improved their performance levels significantly and more quickly than those that are not. Saiti and Prokopiadou [2] observe that the usage of new technologies in school administration is vital to upgrade administrative processes. In fact, HEI in order to achieve their mission of producing and transferring knowledge for society, involving teaching and scientific activities, become complex and interconnected systems, in which Information Technologies (IT) support complex processes, control and management activities. The quantity of distinct and complex processes requires an information ecosystem composed by several interoperable subsystems.
The HEI have faced their new reality implementing Information Ecosystems (IE) composed by a large spectrum of platforms, such as: Academic Management ERP, Financial ERP, Student Relationship Management (SRM), Learning Management System (LMS), Content Management Systems (CMS), Survey tools, Business Intelligence (BI), Current Research Information System (CRIS) and repository of publications, among many others. Due to this scenario, HEI must have an integrated vision of all these individual platforms as a unique information system capable of supporting their transversal organizational processes. Managing such complex ecosystems of platforms and processes, requires powerful tools to evaluate and guide HEI in terms of capability to support these organizational processes and high level of IS integration. According to Manjula and Vaideeswaran [3] the increasing of competency in IT and educational sectors, needs a process maturity evaluation methodology for educational organization. Thus, we started our research work in the scope of MM of those Information Ecosystems.
In our research, we intend to discover if there are tools to manage such ecosystems of IS, in terms of MM. In this preliminary stage of our research, a literature review was done, in order to find any eventual gaps on the existing models of maturity. After following a systematic methodology of literature review, we consider a few set of research works that we consider as related with ours. Then, we focused our analysis on these works in order to understand their capability of answering to the requisites of those tools. Thus, this article intends to contribute for this research field by answering to these questions, giving to its readers, a state of the art of those MM in the scope of HEI.
In the next section, is presented a brief overview of the MM in IS area (second section). Then, in the third section, the research methodology adopted for the literature review is described. The fourth section presents the results of the literature review, that is, the MM for education IST are described and categorized. Finally, in the fifth section, is presented the summary and closing remarks.
II. MATURITY MODELS IN IST MANAGEMENT
The concept of MM is increasingly applied in the IS field, both as an approach needed for continuous improvement [4] as for its evaluation [5] . Since its initial conception in the early 1970s [6, 7] , a multitude of different instances have been developed in science and practice. However, as organizations face constant pressures to achieve and maintain competitive advantage by inventing and reinventing new products and services, reduce costs and time to market, and at the same time improve the quality, there is a continuing need for development of new MM, since they help the decision makers to achieve these goals [8] . On the other hand, through the incorporation of formalism in the improvement of activities, decision makers within organizations can determine if the potential benefits are being achieved or not.
The MM are available to respond to many different challenges. These models provide information for organizations to address the problems and challenges in a structured way, providing both a reference point to assess the capabilities as a roadmap for improving [9] . In other words, the MM offer an orientation through an evolutionary process, incorporating the procedures for improving activities [10] .
Various MM have been proposed over time, both for the development of individuals and for the general evolution of organizations or the particular evolution of the IS management function. These models mainly differ in terms of a number of stages, variables of evolution and focus areas [10] [11] [12] . Each of these models identifies certain characteristics that specifically define the objectives of the next stage of growth. These types of models can be applied situationally within education in order to strategically planning for IST maturation, based on the degree of alignment between the educational organization (e.g. HEI) strategy and the selected growth path, as well as associated investments and improvement activities.
In the literature review carried out in this project, as well as in complementary studies, it was verified that there is no comprehensive and detailed HEI MM that assesses the maturity of IS in its various aspects. In fact, a content analysis of scientific articles, manuals, white papers, reports and websites, all with information on MM in the area of education, also revealed the inexistence of MM of dimensions or influence factors that consider the same with different weights compared to their relative importance.
In view of these constraints, it was considered opportune to develop a research project that would contribute to an increase of knowledge about the MM applied to HEI, in order to spread an improvement in the practice of evaluating and promoting the maturity of their IS. Based on the description of the problem, the following research question was formulated:
► Is there a model, which consists of several maturityinfluencing factors and maturity stages, that can be applied to IST of Higher Education Institutions?
III. METHODOLOGY ADOPTED FOR THE LITERATURE REVIEW
Aiming to conduct a comprehensive and wide literature review, it was necessary to define a strategy [13] in order to identify and analyse systematically the available literature on MM of education IST. An initial review provided criteria to choose the approach and establish the strategies to be applied to this project.
The first strategy by Webster and Watson [14] suggests a structured approach in three basic steps: to identify the relevant literature in main sources (i.e. "leading journals") and recognized conferences. Then, the authors suggest conducting a search in the reference section of the studies identified in the first step in order to identify potential works related; finally, it is suggested the search via Web of Science of works which cite the works identified in the previous two steps.
The second strategy, proposed by Tranfield et al. [15] , suggests five steps for a systematic review of the literature. The first stage defines terms, keywords and combinations to be used as criteria to be applied in the literature review. A second phase is to identify relevant works that contain the keywords and terms defined above. In the third phase, it is carried out an assessment of identified papers and made a selection of works that meet certain criteria of quality. In the fourth phase, it must be extracted the relevant information from the selected literature. Finally, in the fifth phase a synthesis of data is done. With regard to Tranfield et al.'s approach, no clear procedure was found for the identification of relevant work in the second phase. So, this phase of Tranfield et al.'s approach was replaced by the three basic steps described by Webster and Watson.
Main keywords
Therefore, the terms and keywords were defined as literature searching criteria, taking in account that most of the relevant literature on MM of educational IST is written in English. "Maturity Model" and "Educational" combined in several research contexts, namely in title (TI), abstract (AB) and subject (SU) were used for the search iterations. TI "maturity model" AND TI education OR AB "maturity model" AND AB education OR SU "maturity model" AND SU education
The searching criteria were applied to the literature review. Given that Tranfield et al. [15] did not suggest any procedure for this stage, it was followed the approach proposed by Webster and Watson [14] introducing two changes: in the first step, the main sources were replaced by major web platforms of scientific literature; and in the third step of this approach, b-on 1 platform was replaced by the search engines Google and Google Scholar.
Data sources and searches
The literature search was performed for the studies published in academic journals and conference proceedings until January to full texts from over 16,750 scientific international publications from 16 publishers. https://www.b-on.pt/en/what-is-b-on/ 2018. In order to simplify the search process, we opted for using b-on platform that aggregate the results of search in multi databases such as: ACM digital library, ISI Web of Knowledge, SCOPUS, SpringerLink, Elsevier/Science Direct and IEEE Computer Society Digital Library. Afterwards, we proceeded to a data analysis to identify related references, as suggested by Webster and Watson [14] . Finally, given that the disclosure of much of the information on MM of education IST has been accomplished through technical reports, research and white papers projects, we move to a more extended search through the search engine Google Scholar and Google to ensure identification of other relevant work for the study.
Inclusion and Exclusion criteria
The following inclusion criteria (at least one) were used:
The study proposes or presents a complete MM from the educational area with the description of its different stages. The study proposes or presents a way to evaluate the maturity of an education IST. The study proposes a MM that, being of the educational area, focus on the IS of the educational institutions. The following exclusion criteria were used:
The study proposes or presents an incomplete MM, still in an embrionary stage. The study proposes or presents an application in an educational context of an existing MM.
The study selection was performed by one of the authors in two stages. In the first stage, all potentially relevant studies were selected based on titles, abstracts, and subject and in consideration of the inclusion and exclusion criteria. In the second stage, each of the studies selected from the previous stage were read in full and analysed again, according to the inclusion and exclusion criteria. In addition, the related works cited by these studies were evaluated and included in the review if they were considered relevant to the search area.
Data extraction and quality assessment
Data extraction and quality assessment were undertaken by one author and confirmed by another. Data related to research approach, scope, stages, dimensions, evaluation tools and potentialities and fragility were extracted and categorized.
Data synthesis and analysis
The extracted data was tabulated and summarized, any disagreement was resolved with a discussion and, when necessary, by involving a third author. The extracted data was grouped into the following topics: name, research approach, scope, stages, dimensions, evaluation tools, year and authors. Finally, we summarized potentialities and the fragilities identified in the reviewed articles. 
IV. RESULTS AND COMPARATION
As a result of this literature review, it was found that the MM for education IST are developed involving different types of entities, including national and international education companies, research organizations as well as academic experts in this domain. It was also found that there are two approaches: in one hand, the highly specialized models that have focused in one education subsystem and on the other hand, the more comprehensive models, i.e. models representing the educational institution IS as a whole. Also, it was found that most of the analysed MM does not disclose the design process nor the research options for development and validation, thus compromising the researcher work.
It appears that CMM [4] and CMMI [16] his successor, is the reference model for the design of MM in the education sector. This model has served as inspiration for dozens of MM in the various areas of IST, and the area of education is no exception. Regarding the number of maturity stages, there are models from 3 stages as the case of eQETIC [17] up to 8 stages (ICTMMEI-DV [18] ).
In the literature review mentioned above, the following MM were identified in the educational domain:
e-learning (eMM [19] , [20] Within the HEI IST domain, which is the main focus of our research, several MM have been proposed, although these models are still at an early stage of development. These models have an important focus on the management of IS of an educational institution, either in a global perspective or by defining one of its dimensions. Thus, in our literature review we considered 5 MM which are summarized in Table 1 . Besides the identification of each model and its authors, is presented the scope (within the IST domain), number of stages, research method adopted in its development, dimensions considered and the assessment tool and model that was used as reference for its development. They all suggest attributes that the organization should possess to be positioned at each stage. However, most IST MM do not explicitly identify any assessment tool. Only the ICTE-MM provide a tool to assess the fulfilment of requirements, to effectively place an organization in a certain level. Next, a brief description will be made of the MM associated with HEI. [50] : The ICTE-MM has three elements supporting educational processes: information criteria, ICT resources, and leverage domains. Changing the traditional and exclusive focus on ICT, five leverage domains are defined: Infrastructure, Educational Management, Administrators, Teachers and Students.
Maturity Model for ICT in School Education (ICTE-MM)
Despite its large spectrum of coverage, this MM does not explicitly considers issues such as business process definition/documentation and IS capability for supporting such processes. This is a MM based on international standards for assessing the school's development regarding to the use of ICT and not a MM for accessing the IS capability for supporting the school's management and teaching/learning processes. Issues like software for academic management, financial management and teaching/learning process management are superficially approached, applying only three variables, as well as in School Management, by means of six Critical Variables, none of them covering the business process definition. We consider that there are other missing Critical Variables which are fundamental to achieve a more comprehensive MM for accessing the use of ICT in schools. Additionally, this is a generic MM for school educational processes not focused in HEI.
Capability maturity model for quality Education (CMM-QE)[3]:
CMM-QE is a framework for quality education assessment and process improvement with five maturity levels. The CMM-QE evaluates the Education system engineering process from the multi perspectives of academic, infrastructure, administration, facilities etc. CMM-QE use critical factors (Key Indicators) to be quantified to assess the maturity level of the Educational institutions.
Despite those authors' goals, the proposed MM is not clearly presented. Although a number of variables grouped in four measurement models covering several areas of the educational institution is referred, none of them have a concise and systematic description. Only an apparently unordered and unrelated list of characteristics is presented. In our point of view, this missing systematization of the assessed attributes compromises the reader's full understanding regarding the proposed authors' framework, as well as its applicability in the real world practice. This lack in the description of the CMM-QE, is not compensated with any previous work presenting the authors' framework. As far as we know, this model was not adopted in subsequent studies and the academic community has not significantly referenced it. 
Online Course Quality Maturity Model Based on Evening University and Correspondence Education (OCQMM)[51]:
This model, proposes to assess the quality of online courses in Evening University and Correspondence Education. OCQMM can guide the institutions that engaged in adult education to meliorate the implementary process, so that the implementation quality of online course will be improved. OCQMM divided online courses quality maturity in evening university and correspondence education into four maturity evolving ladder levels, each low-level is a basis that achieve a higher level. We consider the proposed MM sufficiently comprehensive in terms of key areas, addressing relevant quality issues of online courses. However, there are important missing issues such as teacher motivation and pedagogical practices that are not considered. More important, we also consider insufficient the level of detail in which the six key process areas are described, making very difficult to replicate the authors' experience of testing the proposed MM in other institutions. This limitation is not mitigated by means of any other previous publication where the authors sufficiently present their model. Regarding the model systematization, the authors do not provide any methodology or analytic methods for determining the school's maturity level in each key process area. Either they provide a way for determining the maturity level of an online course or the school as a whole.
Maturity Model for ICT in Educational Institutions in Developing Countries (ICTMMEI-DV)[18]:
This proposal aims to provide guidance for ICT infrastructure planning and to create a reference model to the necessary development phases for the efficient use of these resources. The model defines the ICT infrastructure resource levels required to achieve primary organizational objectives expressed in the form of student learning outcomes. The levels in this model show management, teaching and technical staff, as well as donors how to make most efficient use of ICT resources by maximizing opportunities for student learning.
Despite the lack of discussion regarding those three important levels, we can conclude that this MM is strictly focused on ICT. Issues related to management process definition and other relevant aspects of IS are not considered in this model. This MM was specially designed for education institutions of developing countries, in which the resources are very limited. Such context, is very different from the ones that exist in developed countries, making this MM not well suited for institutions in these countries. Additionally, this model intends to cover a broad type of educational levels, which have distinct educational goals. In our opinion, the author's proposal is aligned with primary educational levels, and not well suited for HEI. [17] : This is a model capable of supporting steps that guide the planning, development, and maintenance of digital educational solutions. eQETIC model follows a continuous process improvement approach, whereas the implementation of processes in a developer organization of these types of solutions favours the development lifecycle and the quality of these solutions. The model allows the organization to implement the processes belonging to each level at a given time, and these levels and processes are organized in six common entities.
eQETIC: A Maturity Model for Online Education
This model is focused on the quality of the product development process, including the learning process, the environment and aspects that condition the success of the education institution in terms of quality of the specific scope of solutions (distance education, e-learning and learning objects). Despite being a comprehensive model on such type of solutions, it does not consider other types of teaching such as blended learning and traditional face-to-face teaching, as well as facilities for students, administrative support, or other specific IS aspects of HEI in their full achievement of mission and duties.
V. SUMMARY AND CLOSING REMARKS
Most of the mentioned models are still in an early development stage and in a premature phase of affirmation and consolidation, being proposed by their authors through exploratory studies. In fact, few of the identified models are adopted in a large scale, nor are significantly referenced by the academic community. Additionally, most of these models are not sufficiently explicit in the way they were developed and validated, and especially because they are poorly detailed, they do not provide tools to determine the maturity stage nor structure the characteristics of maturity stages. In the case of the adoption of a tool for assessing the system's maturity, it was found that most of the models, besides focusing on the assessment of the system's maturity, pay attention to an improvement path of such maturity. However, not all have a properly systematized process to move to a higher maturity level. Also, the authors did not apply weights to each of the influencing factors (or dimensions), that is, in the assessing process of the overall maturity of education IST, all influencing factors have the same importance. Based on the analysis, it was possible to verify that no model was developed based on the guidelines of the development methodologies of MM [52] [53] [54] .
Based on the collection of analysed MM focused in HEI and Education Institutions, we have categorized the founded models according five main scopes: (1) Management of the institution; (2) Process management; (3) learning and e/m-learning practices and quality; (4) course/HEI external accreditation and evaluation in terms of quality and (5) ICT.
In the literature, the identified MM belonging to that fifth scope, are very focused in technology itself and not in its capability of supporting todays HEI (as well as other types of Educational Institutions), in their challenges: dynamic and agile management, new teaching strategies, flexible formative portfolio and knowledge management. We are convicted that all the four remaining scopes can benefit if the HEI' Information Ecosystem stays optimized.
As a result of this study, as far as we know, none of the identified models has a sufficiently focused on the capability of the IS support complex, diversified, interoperable and dynamic organizational processes of HEI. In this perspective, a new model to fill the gap should be designed. This new model, should include the main influence factors with different weights depending on their relative importance and its development should be supported by rigorous scientific methods of conceptualization and validation. This model should also identify the IST key strategical areas of HEI and apply international standards for management of IST and HEI as well. Such MM will enable the evaluation of the HEI, in terms of their practices and strategies of IST, for supporting their institutional processes at all levels: organisational strategies, management, operative management, teaching and research. Thus, it empowers the capabilities of the HEI and its human capital (administrators, staff, teachers and students). In short, the contribution of this article is a Systematic Literature Review that makes the systematization of the knowledge regarding MM, being focused in the educational area in general and Higher Education IS in particular.
